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Proteus syndrome (PS) was first described in 1979. In 1983, Rudolf Wiedemann, a German Pediatrician, named it Proteus Syndrome for a Greek sea-God, who could change his shape at will assuming many forms to escape capture. This name was given to represent the variable clinical manifestations seen in the first patients identified with this syndrome and the morphological changes of its presentation and evolution.\[[@ref1][@ref2]\] It is a hamartomatous syndrome, with clinical manifestations that vary greatly and predominance of malformations and overgrowth of multiple organs. It is an extremely rare syndrome with an estimated prevalence of approximately 1:1.000.000, being more common among males at a ratio of 1:9:1.\[[@ref1][@ref2]\]

This disease is characterized by a mosaic distribution, sporadic occurrence, and progressive course, hyperplasia of connective tissue, vascular malformations, epidermal nevus, and hyperostosis.\[[@ref1]\] Clinical features may be present at birth but typically develop over time, starting between 1 and 18 months of age. The postnatal, progressive, and asymmetrical overgrowth occurs in a mosaic pattern. Bone, connective tissue, fat, central nervous system, eye, spleen, thymus, and colon are commonly involved tissues.\[[@ref1][@ref2][@ref3][@ref4][@ref5]\]

PS is probably caused by a post-zygotic mutation resulting in mosaicism, which possibly explains the variability of manifestations and the monozygotic twins discordant for the syndrome.\[[@ref6][@ref7]\] The association of PS with mutations in the PTEN suppressor gene is uncertain, being reported by Zhou *et al*.\[[@ref7]\] and by Smith *et al*.\[[@ref8]\] Nevertheless, Barker *et al*.\[[@ref9]\] and Thiffault *et al*.\[[@ref10]\] did not find mutations in the PTEN gene among the patients with PS included in their studies. Although there are reports of these mutations in PS, they are usually absent in the affected individuals.\[[@ref8][@ref11][@ref12]\] A recent study, with 29 PS patients, revealed that an activating somatic mutation of the AKT1 oncogene kinase, an enzyme involved in cell proliferation, was present in 26 of these patients concluding that this mutation was the cause of PS.\[[@ref13]\]

The rarity of the syndrome, the wide spectrum of presentation, the lack of an easily available diagnostic test, and the occurrence of syndromes with similar phenotypes contribute to the diagnostic challenge.\[[@ref2]\] Due to the lack of commercially available genetic tests, knowledge of the multiple presentations and evolution of PS is still needed for proper clinical diagnosis.\[[@ref14]\]

Although the use of diagnostic criteria has its flaws, the benefit of its use is justified because it classifies and defines, through specific criteria, a group of individuals who have similar clinical and prognostic features.\[[@ref2]\]

Given the present difficulty in diagnosing PS, this study describes a series of patients with such diagnosis, using the criteria proposed by Biesecker *et al*.\[[@ref1]\]

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Between January 1998 and December 2010, 2011 new patients were seen at the Genetics and Pediatric Endocrinology Outpatient Clinics of a University Hospital. The records of all cases referred due to asymmetric overgrowth and clinical suspicion of Proteus syndrome were identified and retrospectively analyzed---a retrospective chart review. Thirteen patients of the total number of patients seen in the study period (0.65%) had features compatible with the syndrome. These patients were evaluated according to the diagnostic criteria proposed by Biesecker *et al*.\[[@ref1]\] being classified in two groups: General and specific criteria. The general criteria are mandatory and include mosaic distribution, sporadic occurrence, and progressive course. The specific criteria are classified into three subgroups named A, B, and C. One feature of subgroup A or two features of B, or else three features of C must be present to confirm the diagnosis \[[Table 1](#T1){ref-type="table"}\].

###### 

Revised diagnostic criteria for proteus syndrome\[[@ref1][@ref2]\]
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The present study was approved by our institution Research Ethics Committee. As the study involved review of medical records, patient informed consent was not required, with preservation of the confidentiality of data.
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This study included 13 patients with an initial diagnostic suggestive of PS that is asymmetric overgrowth. The average age of the patient at first visit was 6.92 ± 5.1 years. Ten patients were females (76.9%). Only one patient was the son of consanguineous parents.

All 13 patients met the general diagnostic criteria proposed by Biesecker *et al*.\[[@ref1]\]: Mosaic distribution, sporadic occurrence, and progressive course. Only when evaluated by the Biesecker specific criteria, the distinction between PS and non-PS was possible. All patients had asymmetric overgrowth, 11: Macrodactily (84.6%), 5: Epidermal nevus (41.6%), 4: Hemangioma (30.7%), 3: Lipoma (23%), 5: Linear epidermal nevus (41.6%) and 3: Connective tissue nevus (23%) \[[Table 2](#T2){ref-type="table"}\]. Of these 13 patients, the clinical diagnosis of PS was confirmed in 6 (46.1%): 6 (100%) patients fulfilled criteria 2 B, 3 (50%) patients fulfilled criteria 1A, and none of them fulfilled criteria 3C \[[Table 2](#T2){ref-type="table"}\].

###### 

Clinical findings in patients with a possible diagnosis of proteus syndrome
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In the group where PS was not confirmed (53.8%): None of the patients met criteria 1A, all patients met criteria 1B (100%), and 2 met criteria 1 C (28.5%).

Linear epidermal nevus was present in all patients with a confirmed diagnosis of PS, whereas none of the patients in whom the diagnosis of PS was not confirmed had this clinical feature \[[Table 2](#T2){ref-type="table"}\].
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The rarity of PS may be underestimated in some series, such as ours, due to young age of the patients and may be overestimated, in others series, due to the lack of stringent diagnostic criteria including other hamartomatous or hyperplastic disorders.\[[@ref1][@ref2][@ref4][@ref5]\] In this study, due to the young age of the children (6.92 ± 5.1 years), it is possible that greater number of cases of PS may be diagnosed in the future due to the progressive nature of the syndrome.

In 1999, Biesecker *et al*.\[[@ref1]\] presented their recommendations for the diagnosis of PS in an attempt to reduce the number of false clinical diagnoses of the syndrome. Since then, this is the criteria most frequently used in clinical practice for the diagnosis of PS.\[[@ref14][@ref15][@ref16][@ref17]\] That\'s why it was selected for evaluating the patients of the present study.

All patients had asymmetric overgrowth since childhood, which is consistent with the literature.\[[@ref2]\] The linear epidermal nevus was present in all six patients who met the diagnostic criteria for PS. This abnormality is described in the literature as a specific finding\[[@ref2]\] though it has not been found in all cases according to Turner *et al*.\[[@ref5]\] Little is known about the natural history of the cerebriform connective tissue nevus. Beachkofsky *et al*.\[[@ref15]\] demonstrated that, in PS, this lesion tends to develop during childhood, affecting most commonly the sole of the feet, extending over the affected area or developing new lesions, and with a tendency to maintaining stable in adulthood. None of the patients in this series had this lesion.

In addition to the difficulty in confirming the diagnosis of PS, it is important to stress that there are also unusual features such as the presence of lung cyst.\[[@ref16]\] This finding was observed in only one case reported in this study (case 7), whereas its prevalence, according to the literature, is approximately of 10%.\[[@ref11]\] Although usually asymptomatic, lung cysts may present with respiratory failure. Other important findings of PS include central nervous system manifestations (40%), mental (30%), ophthalmological disabilities (42%), and urological abnormalities (9%).\[[@ref4][@ref5]\]

The differential diagnosis of PS must be made with other hamartomatous disorders such as Klippel-Trenaunay-Weber (asymmetry in one limb and hemangioma), Maffucci disease (enchondromatosis and hemangioma), Ollier\'s disease (enchondromatosis), neurofibromatosis type I (macrocephaly, café-au-lait spots, subcutaneous neurofibromas), Bannayan-Zonana syndrome (macrocephaly, craniofacial abnormalities), hemihyperplasia and multiple lipomatosis syndrome (HHML) and other disorders that present with hemihyperplasia.\[[@ref17]\] The seven patients in this study who did not meet diagnostic criteria for PS did not fulfill criteria to be diagnosed with any of these disorders. This lack of diagnosis may be due to the young age of the patients.

The risk of tumor development appears to be higher in patients with PS than in the general population, so they should be assessed on a regular basis. Most tumors associated with PS are benign (e.g., monomorphic adenomas, bilateral ovarian cystadenomas), but 19% are malignant.\[[@ref5]\]

The clinical features may worsen during the course of the patient\'s life. Although some authors believe that the progression of PS stops around 15-17 years, one reported case included a 23-year-old man.\[[@ref11]\]

Patients are at increased risk of premature death, usually caused by deep vein thrombosis, pulmonary embolism, and pneumonia.\[[@ref1][@ref7]\] Premature death is more common among males (3.25:1) particularly boys aged less than 10 years.\[[@ref3]\]

Once diagnosis is made, assessment must be provided by a multidisciplinary staff. Bone abnormalities and its accompanying asymmetries must be treated to preserve the functionality of the affected limb.

Although our paper has the limitation of being a retrospective study, the Biesecker diagnostic criteria were applied consistently trough information obtained in structured medical charts. PS was diagnosed in 6 of 13 (41%) patients evaluated with this diagnostic suspicion and in 6 of 2011 patients (0.3%) seen in the study period. These data confirms the rarity of PS and the highlights the importance of studies validating the clinical diagnosis even when of retrospective nature.

Since molecular diagnosis of PS were just recently reported and are not yet commercially available, the authors emphasize the importance of using strict clinical diagnostic criteria. With the establishment of clinical diagnosis, preventive and therapeutic procedures could be implemented early. Unconfirmed cases should be monitored lifetime because of the progressive course of the disease.
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